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(54) Surgical biopsy device 

(57) A biopsy probe is provided for the collection of 
at least one soft tissue sample from a surgical patient. 
The probe comprises a frame having distal and proximal 
ends. The probe further comprises an elongated pierc- 
ing element attached to the distal end of the frame. The 
piercing element has a sharpened distal end for piercing 
tissue, and a port located proximal to the sharpened dis- 
tal end for receiving a portion of tissue mass positioned 
adjacent to the port. The probe further includes an elon- 
gated cutter having proximal and distal ends. The cutter 
is disposed coaxially and slideably relative to the pierc- 
ing element and has a cutting blade on the distal end for 
cutting the portion of tissue protruding into the port of 
the piercing element when the cutter slides distally past 



the port, thereby depositing the portion of cut tissue with- 
in the cutter lumen of the cutter proximal to the cutting 
blade. In one embodiment, the probe further includes a 
tissue remover disposed in the cutter lumen of the cutter 
and having a structure on the distal end for obstructing 
the cutter lumen so that a tissue sample protruding into 
the port and severed by the cutter is prevented from 
moving proximally through the cutter lumen. In another 
embodiment, the probe further comprises a distal frame 
seal, a proximal frame seal, and a proximal cutter seal 
for substantially preventing the passage of fluids 
through a first, a second, and a third radial space, re- 
spectively, within the probe. In a preferred embodiment, 
a valve is provided on the proximal end of the tissue re- 
mover for the releaseable attachment to a reservoir. 
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Description 

Field of the Invention 

[0001] The present invention relates, in general, to 
devices for tissue sampling and, more particularly, to im- 
proved biopsy probes for acquiring subcutaneous biop- 
sies and for removing lesions. 

Background of the invention 

[0002] The diagnosis and treatment of patients with 
cancerous tumors, pre-malignant conditions, and other 
disorders has long been an area of intense investiga- 
tion. Non-invasive methods for examining tissue are pal- 
pation, X-ray, MRI, CT, and ultrasound imaging. When 
the physician suspects that a tissue may contain can- 
cerous cells, a biopsy may be done either in an open 
procedure or in a percutaneous procedure. For an open 
procedure, a scalpel is used by the surgeon to create a 
large incision in the tissue in order to provide direct view- 
ing and access to the tissue mass of interest. Removal 
of the entire mass (excisional biopsy) or a part of the 
mass (incisional biopsy) is done. For a percutaneous bi- 
opsy, a needle-like instrument is used through a very 
small incision to access the tissue mass of interest and 
to obtain a tissue sample for later examination and anal- 
ysis. The advantages of the percutaneous method as 
compared to the open method are significant: less re- 
covery time for the patient, less pain, less surgical time, 
lower cost, less risk of injury to adjacent bodily tissues 
such as nerves, and less disfigurement of the patient's 
anatomy. Use of the percutaneous method in combina- 
tion with artificial imaging devices such as X-ray and ul- 
trasound has resulted in highly reliable diagnoses and 
treatments. 

[0003] Generally there are two ways to obtain percu- 
taneously a portion of tissue from within the body, by 
aspiration or by core sampling. Aspiration of the tissue 
through a fine needle requires the tissue to be fragment- 
ed into small enough pieces to be withdrawn in a fluid 
medium. The method is less intrusive than other known 
sampling techniques, but one can only examine cells in 
the liquid (cytology) and not the cells and the structure 
(pathology). In core biopsy, a core or Iragment of tissue 
is obtained for histologic examination which may be 
done via a frozen or paraffin section. 
[0004] The type of biopsy used depends mainly on 
various factors present in the patient, and no single pro- 
cedure is ideal for all cases. Core biopsy, however, is 
very useful in a number of conditions and is widely used 
by physicians. 

[0005] Due largely to heightened public awareness of 
the need to detect breast cancer early in its develop- 
ment, a number of biopsy devices for use in combination 
with artificial imaging devices have been commercial- 
ized. One such instrument type of biopsy instrument is 
the BIOPTY gun, available from C.R. Bard, Inc. and de- 



scribed in U.S. Patents No. 4,699,1 54 and 4,944,308 as 
well as in U.S. Reissued Patent No. Re. 34,056. This 
device is spring-powered and each time a sample is to 
be taken, the breast or organ must be punctured again 

s upon re-insertion of the device. Another product is the 
TRUE CUT needle manufactured by Travenol Labora- 
tories. This needle collects a single core of tissue using 
a pointed stillete with a side-facing notch to receive tis- 
sue near its distal end and an outer, sharpened sliding 

io cannula. 

[0006] Other devices for obtaining biopsy samples 
from the body are described in the following: U.S. Patent 
5,492 : 130 issued to Chiou on February 20, 1996; U.S. 
Patent 5,526,821 issued to Jamshidi on June 18, 1996; 
75 U.S. Patent 5,429, 1 38 issue to Jamshidi on July 4, 1 995; 
and U.S. Patent 5,027,827 issued to Cody, et al, on July 
2, 1 991 . These patents describe devices which may be 
used for soft tissue biopsies using the aspiration method 
of liquid suspended tissue extraction rather than by core 
sampling. Numerous other devices are described in the 
references cited in this disclosure, and generally are for 
the mere removal of tissue rather than the sampling of 
tissue for later pathological examination. 
[0007] To overcome operator error associated with 
such devices, and to enable multiple sampling of the tis- 
sue without having to reenter the tissue for each sample, 
a product now marketed under the tradename MAM MO- 
TOME was developed. The invention which is the basis 
of the commercialized product is described in U.S. Pat- 
ent No. 5,526,822 issued to Burbank, et al, on June 18, 
1 996, and is commonly owned by the assignee of the 
present invention. The MAMMOTOME instrument is a 
type of image-guided, percutaneous, coring, breast bi- 
opsy instrument. It is vacuum-assisted and some of the 
steps for retrieving the tissue samples have been auto- 
mated. The physician uses this device to capture "ac- 
tively" (using the vacuum) the tissue prior to severing it 
from the body. This allows for sampling tissues of vary- 
ing hardness. The device can also be used to collect 
multiple samples in numerous positions about its longi- 
tudinal axis, and without needing to remove the device 
from the body. These features allow for substantial sam- 
pling of large lesions and complete removal of small 
ones. 

[0008] US Patent No. 5649547 describes numerous 
improvements to the original invention including the fol- 
lowing: a molded tissue cassette housing permitting the 
handling and viewing of multiple tissue samples without 
physical contact by the instrument operator; the inter- 
connection of the housing to the piercing needle using 
a thumbwheel to permit the needle to rotate relative to 
the housing : thereby preventing the vacuum tube from 
wrapping about the housing; several variant vacuum 
port embodiments; and a method for backflushing bio- 
logical debris from the instrument without removing the 
instrument from the selected tissue location. 
[0009] When using any of the devices described thus 
far there is a need to manage a substantial amount of 
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different fluids either already present at the surgical site 
or introduced during the surgical procedure. There is 
some associated bleeding from the surgical site during 
insertion of the needle and severing of the tissue sam- 
ples from the tissue mass of interest. I n addition, several 
milliliters of local anesthetic such as lidocaine hydro- 
chloride solution are injected into the tissue during the 
procedure, and there is a significant build-up of pressure 
inside the tissue due to the presence of the additional 
fluid. When the blood and anesthetic solution under this 
pressure within the tissue are opened to a lower or am- 
bient pressure, the fluids will readily escape the tissue 
at the opening. Keeping these fluids from contaminating 
the patient and the instrumentation is obviously an im- 
portant part of the mandatory aseptic technique, and 
features on the biopsy device to help accomplish this 
are clearly advantageous. 

[001 0] Coring breast biopsy devices typically incorpo- 
rate an elongated piercing element to access the sam- 
pling area of the tissue mass, and a cutting cannula with 
a sharpened end which slides longitudinally along the 
piercing element. The sharpened end of the cutting can- 
nula is driven into the tissue mass, and a core sample 
of the tissue is captured into the distal end of the can- 
nula. The piercing element and/or the cannula are then 
withdrawn from the body and, in the case of the MAM- 
MOTOME breast biopsy instrument, the tissue sample 
is transported and removed from the distal end of the 
cannula. This is an opportunity for fluids to escape from 
the tissue mass. The situation is especially acute should 
the biopsy device be tilted during the step of sample re- 
trieval, as often occurs when the biopsy device is mount- 
ed on certain imaging devices. The fluids then will tend 
toflow"downhill u onto the devices andthe surroundings. 
[001 1 ] Accordingly, what is needed is a biopsy device 
which can catch the fluids present during a biopsy pro- 
cedure before they spill on the surroundings, and drain 
the fluids away to a collection cannister or the like. In 
addition to dealing with the backflow and gravitational 
effects already described, the physician also must con- 
tend with the fluids being spread by the pumping action 
of the relatively sliding components of the biopsy device. 
What is also needed, therefore, are seals advanta- 
geously mounted between the sliding components to 
block the spread of the fluids and to wipe the interacting 
surfaces clean as the device is actuated. 
[0012] In the MAMMOTOME device a knockout tube 
is provided so that as the cutting cannula is withdrawn 
from the tissue and the distal end of the tube is outside 
the patient's body, the distal end of the knockout tube 
pushes out the core sample automatically from the distal 
end of the cutting cannula. A drain line is attached to the 
proximal end of the knockout tube so that fluids con- 
tained in the cutting cannula can be removed. This drain 
line may be attached to a vacuum source to remove the 
fluids more effectively. Sometimes the surgeon wishes 
to disconnect the drain line from the knockout tube in 
order to inject an additional amount of anesthetic solu- 



tion into the tissue mass to insure that a sufficient 
amount is present at the area where the tissue sample 
will be taken. By removing this drain line, the fluid within 
the tissue which may be at a relatively high pressure can 

5 escape from the device. What is further needed, there- 
fore, is a connecting valve on the device to allow the 
disconnection of the drain line, the injection of the an- 
esthetic solution, and the reattachment of the drain line, 
without the loss of fluids from the tissue and onto the 

to external surroundings. This connecting valve would also 
be an improvement to biopsy devices which do not have 
a knockout tube, but which instead have a drain line at- 
tached to the proximal end of the cutting cannula or to 
the proximal end of the piercing element. 

75 

Summary of the Invention 

[0013] The present invention is a biopsy device, 
sometimes referred to simply as a probe, for obtaining 

20 core samples of soft tissue while providing means to 
capture or contain the blood, anesthetic solution, and 
other fluids from within the device and the tissue mass 
during the surgical procedure. The proper management 
of fluids during the surgical biopsy procedure, as achie- 

25 veable with the present invention, greatly minimizes the 
discomfort to the surgeon and the surgical patient, sub- 
stantially prevents damage to nearby ancillary equip- 
ment, and facilitates asceptic technique during the pro- 
cedure. 

30 [0014] The probe has a frame with a distal end and a 
proximal end. In one preferred embodiment of the in- 
vention, a tissue sampling surface is disposed between 
the distal and proximal ends of the frame. In this embod- 
iment, a drain line is attached to the frame for fluid com- 

35 munication with the tissue sampling surface. The tissue 
sampling surface is in a convenient location for retriev- 
ing the tissue sample extracted from the surgical patient. 
The sampling surface, together with the drain, provide 
an important improvement over the prior art for the col- 

^0 lection and removal of fluids which escape from the body 
through the probe while retrieving the sample. 
[001 5] The probe also includes an elongated piercing 
element having a lumen, a sharpened end for piercing 
the tissue, and a port located proximal to the sharpened 

45 distal end for receiving a portion of a tissue mass posi- 
tioned adjacent to the lateral port. The piercing element 
has a proximal end attached to the distal end of the 
frame. The probe further comprises an elongated cutter 
having a lumen and being disposed coaxially and slid- 

50 ably relative to the piercing element. The cutter has a 
cutting blade on the distal end for cutting the portion of 
tissue protruding into the port of the piercing element 
when the cutting blade slides distally past the lateral 
opening. The portion of cut tissue is deposited within the 

55 lumen of the cutter proximal to the cutting blade. 

[0016] In an especially preferred embodiment, the 
probe includes a tubular tissue remover slideably insert- 
ed within the lumen of the cutter and having a structure 
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disposed proximally of the port and adapted to obstruct 
the lumen so that a tissue sample within the cutter lumen 
is prevented from moving proximally. In this preferred 
embodiment, a valve is provided on the proximal end of 
the tissue remover tube and is releaseably attachable 
to a reservoir. The flow ol air or fluids through the valve 
is prevented when the reservoir is not attached to it. 
Conversely, the flow is permitted when it is attached. 
The valve is also an important improvement over the pri- 
or art because of the new capability to temporarily dis- 
connect the drain tube from the probe, inject a solution 
such as lidocaine hydrochloride anesthetic into the tis- 
sue through the valve, and to reconnect the drain tube 
to the valve, all with minimal backflow of fluids out of the 
probe through the valve. 

[0017] In another embodiment of the present inven- 
tion, there is provided a proximal frame seal to substan- 
tially prevent the passage of fluids through a first radial 
space between the piercing element and the distal end 
of the frame of the probe. Further, in a particularly pre- 
ferred embodiment, a distal frame seal and a proximal 
cutter seal substantially prevent the passage of fluids 
through second and third radial spaces, respectively. 
The seals further facilitate fluid management during the 
surgical procedure by substantially preventing the leak- 
age of the fluids from the inside of the probe. 
[0018] The biopsy probe is also provided with a posi- 
tioning wheel mounted on the distal end of the frame. 
The positioning wheel is for rotating the piercing element 
about its longitudinal axis, thus allowing the surgeon to 
extract tissue samples from around the distal end of the 
probe without rotating the probe frame which may be 
attached to drain and/or vacuum lines. 
[001 9] The biopsy probe of this invention can be used 
in any surgical procedure where it is necessary or de- 
sirable to take a biopsy tissue sample or to remove a 
suspected lesion. It is especially adapted for use during 
a minimally invasive procedure, particularly a percuta- 
neous breast biopsy procedure. 

Brief Description of the Drawings 

[0020] The novel features of the invention are set forth 
with particularity in the appended claims. The invention 
itself, however, both as to organization and methods of 
operation, together with further objects and advantages 
thereof, may best be understood by reference to the fol- 
lowing description, taken in conjunction with the accom- 
panying drawings in which: 

Figure 1 is an isometric view of a biopsy apparatus, 
showing the biopsy probe of Figure 2, its insertion 
into a driver, and schematic representations of a 
control unit, a plurality of vacuum sources, and a 
drain; 

Figure 2 is an isometric view of a preferred biopsy 
probe of the present invention; 



Figure 3 is an exploded isometric view of the biopsy 
probe of Figure 2; 

Figure 4 is an isometric view of a probe frame of the 
s biopsy probe of Figure 2; 

Figure 5 is a top view of the probe frame of the bi- 
opsy probe of Figure 2; 

io Figure 6 is a side view of the probe frame of the 
biopsy probe of Figure 2; 

Figure 7 is an isometric view of a distal frame seal 
which inserts into the distal end of the probe frame 
is of Figure 4; 

Figure 8 is an isometric view of a proximal frame 
seal which inserts into the proximal end of the probe 
frame of Figure 4; 

20 

Figure 9 is a longitudinal sectional view of the probe 
frame of Figure 4 assembled with the proximal 
frame seal of Figure 8 and the distal frame seal of 
Figure 7; 

25 

Figure 10 is an isometric view of a proximal cutter 
seal which mounts on the proximal end of a cutter 
of the biopsy probe of Figure 2; 

30 Figure 11 is a longitudinal sectional view of the prox- 
imal portion of the cutter of the biopsy probe of Fig- 
ure 2, assembled with the proximal cutter seal of 
Figure 10; 

35 Figure 1 2 is an exploded isometric view of a valve 
which mounts on the proximal end of a tissue re- 
mover of the biopsy probe of Figure 2; 

Figure 1 3 is a side view of a housing of the valve of 
40 Figure 12; 

Figure 14 is a sectional view of the valve of Figure 
12; 

45 Figure 1 5 is a side view of the valve of Figure 1 2 as 
it is initially inserted into a cradle of the driver of Fig- 
ure 1 , with the tissue removal tube and the drain 
tube removed from the valve for clarity; and 

so Figure 1 6 is a side view of the valve of Figure 1 2 as 
it is finally inserted into a cradle of the driver of Fig- 
ure 2, with the tissue removal tube and the drain 
tube removed from the valve for clarity. 

55 Detailed Description of the Invention 

[0021] As best shown in Figure 1 , the present inven- 
tion is a surgical biopsy apparatus 1 2, a minimally inva- 
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sive type of instrument for acquiring repeated subcuta- 
neous biopsies. In an especially preferred embodiment, 
the surgical biopsy apparatus 1 2 generally comprises a 
probe 10 for insertion into the tissue of the surgical pa- 
tient for extraction of a tissue sample therefrom, a pow- 
ered probe driver 100, a moveable table 98, a control 
unit 96, and a first, a second, and a third tube in fluid 
communication with a first, a second, and a third reser- 
voir, respectively. In the preferred embodiment, the res- 
ervoirs 90, 92, and 94 are at least one vacuum source, 
although the present invention is operable without use 
of a vacuum source. The probe 1 0 of the surgical biopsy 
apparatus 1 2 is removeably mounted to the powered 
probe driver 1 00. 

[0022] The driver 1 00 includes a housing 1 09 having 
a moveable cover 108 hingedly attached thereto. Within 
the housing 109 there is a housing mount fork 102 for 
receiving the probe 1 0, a cutter advance fork 1 1 2 for po- 
sitioning the cutter gear 59, an elongated driver gear 1 06 
to mate with and rotate the cutter 50. The driver 100 is 
attached to a moveable table 98 such as a stereotactic 
guidance system (not shown) for moving the probe 10 
distally in order to pierce the tissue, and proximally in 
order to remove the probe 10 from the tissue. A cutter 
advance knob 113 is manually actuated to obtain the 
tissue sample as will be described. 
[0023] The control unit 96 is used to control the se- 
quence of actions performed by the surgical biopsy ap- 
paratus 1 2 in order to obtain the biopsy sample from the 
surgical patient. In the preferred embodiment, the con- 
trol unit 96 controls the application of vacuum to the 
probe 10 and the activation of the cutter motor (not 
shown) within the driver 100. The range of vacuum pres- 
sure preferred is about 23-25 inches of mercury below 
atmospheric pressure. 

[0024] Figure 2 is an isometric view of the preferred 
embodiment of the probe 1 0 which is a coaxial assembly 
of three elongated elements: a piercer 20, a cutter 50, 
and a tissue remover 60. The tissue remover 60 is in- 
serted slideably into the cutter 50 which, in turn, is in- 
serted si ideably into the piercing element 20. The probe 
10 generally is used as follows: The skin of the surgical 
patient is disinfected. A local anesthetic such as lido- 
caine hydrochloride is injected by hypodermic needle in- 
to the tissue. A small incision is made in the skin of the 
surgical patient. Then the piercer 20 is placed into that 
incision and pierced into the tissue of the surgical patient 
and is advanced to the tissue area of interest by the 
movement of the moveable table 98. During this step 
the cutter 50 is completely advanced in the distal direc- 
tion. Once the tissue of interest is accessed by the pierc- 
er 20, the cutter 50 is retracted in the proximal direction 
partway and the tissue to be extracted is drawn by vac- 
uum into a distal end 22 of the probe 10. The cutter 50 
is then actuated by the cutter motor of the driver 100 
and manually advanced in the distal direction, thus sev- 
ering the tissue sample captured in the distal end 22 of 
the probe 10. The cutter 50 is then manually retracted 



in the proximal direction, transporting the tissue sample 
to outside the patient's body. The tissue remover 60 re- 
leases or "knocks-out" the tissue sample from the cutter 
50, so that the tissue sample may be retrieved for anal- 
£ ysis. 

[0025] Figure 3 is an exploded isometric view of the 
probe 10, showing separately the piercer 20, the cutter 
50, and the tissue remover 60. The piercer 20 comprises 
a frame 40 which may be made from a rigid, medical 
10 grade plastic. The frame 40 has a distal end 48, a prox- 
imal end 49, and a longitudinal axis (not shown) extend- 
ing therebetween. A tubular piercing element 25 having 
a proximal end 24 and a distal end 22 is rotatably at- 
tached to the proximal end 48 of the frame 40 by a hub 
15 2 (partially shown) and a positioning wheel 30. Rotation 
of the positioning wheel 30 by the surgeon allows posi- 
tioning of a rectangular port 26 in the distal end 22 of 
the piercer 20. A positional indicator 31 on the wheel 30 
may be referenced to a marker 39 on the frame 40 of 
the probe 10. By changing the position of the port 26, 
the surgeon may access tissue from anywhere around 
the distal end 22 of the piercer 20. 
[0026] Piercing element 25 is preferably made from a 
stainless steei and includes an upper lumen 21 and a 
lower lumen 23. The rectangular port 26 on the distal 
end 22 of the piercing element 25 is located on the upper 
lumen 21 and is provided for receiving the tissue that is 
to be extracted from the surgical patient. Referring now 
to Figures 1 and 3 concurrently, the lower lumen 23 has 
a plurality of small holes (not shown) in the distal end 
22 for the communication of the port 26 to the first res- 
ervoir 90. In the preferred embodiment, this first reser- 
voir is a vacuum source so that the prolapse of tissue 
into the port 26 is greatly enhanced. The cutter 50 re- 
ciprocates axially within the upper lumen 21 as the sur- 
geon manually operates the advancing knob 113. The 
piercing tip 28 is attached to the distal end 22 of the 
piercing element 25 and pierces into the tissue of the 
surgical patient by the driving force of the driver 100. 
[0027] Referring to Figures 3 and 4, the frame 40 of 
the piercer 20 has a tissue sampling surface 47 which 
is where a tissue sample extracted from within the sur- 
gical patient is removed from the probe 10. Sampling 
surface 47 is provided with a grate 43 which connects 
with a drain boss 42 of the frame 40. Figures 4, 5, and 
6 more clearly show the grate 43 and drain boss 42. The 
grate 43 may have many different configurations as will 
be apparent to those skilled in the art, but in general, 
the grate 43 allows the passage of fluids into the drain 
92 (see Figure 1 ) via the second tube 93 but prevents 
the tissue sample from falling intq the drain boss 42. The 
drain boss 42 optionally may be connected to a vacuum 
source in order to enhance the collection of fluids from 
the tissue sampling area. 

[0028] In Figures 4, 5, and 6 can also be seen a plu- 
rality of teeth 38 around the periphery of the distal end 
48 of the frame 40. The teeth 38 are for interaction with 
the flutes 32 of the positioning wheel 30 (see Figure 1) 
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so that a tactile feedback is provided to the user while 
adjusting the location of the port 26 on the distal end 22 
of the piercer 20. In addition to the tactile feedback, the 
teeth 38 are a holding means for the orientation of the 
port 26, and also a referencing means. That is, the sur- 
geon may count the number of "detents" felt when ro- 
tating the positioning wheel 30, while looking at the re- 
lationship between the positional indicator 31 on the 
wheel 30 and the marker 39 on the frame 40, in order 
to understand the radial orientation of the port 26 on the 
distal end 22 of the piercer 20. 
[0029] Figure 4 shows a pair of mounting fins 44 on 
the proximal end 49 of the frame 40. These mounting 
fins 44 are removeably inserted into a mounting fork 1 02 
of the driver 1 00 as depicted in Figure 1 , thus anchoring 
the probe 10 to the driver 100, and engaging the probe 
10 to a spring-actuated firing mechanism (not visible) 
within the driver for instantaneously advancing the distal 
end 22 of the probe 1 0 into the tissue of the patient. This 
firing mechanism may be used, if desired by the sur- 
geon, in combination with the stereotactic movement of 
the moveable table 98 to position the distal end 22 into 
the tissue of the patient. 

[0030] Now referring again to Figures 1 and 3 concur- 
rently, the cutter 50 comprises a distal end 52, a proxi- 
mal end 58, and a longitudinal axis (not shown) extend- 
ing therebetween. The cutter 50 further comprises a cut- 
ter shank 56 having a distal end 57 fixedly attached to 
a proximal end 54 of a hollow cutter tube 53. A longitu- 
dinal passage through the cutter shank 56 (not visible) 
communicates with the cutter tube 53. On the distal end 
of cutter tube 53 is a cutter blade 51 which is preferably 
made by the sharpening of the circumference of the dis- 
tal end 52 of the cutter tube 53, which is preferably made 
of a stainless steel. On the proximal end 58 of the cutter 
50 is a cutter gear 59, which is preferably integrally 
molded with the cutter shank 56. The cutter gear 59 is 
for operational engagement with an elongated gear 106 
of the driver 100. When the probe 10 is inserted into the 
driver 1 00, the cutter gear 59 is positioned into the cutter 
advance fork 112 of the driver. The cutter advance fork 
1 12 is attached to the cutter advance knob 11 3 so that 
movement of the knob 113 causes the like movement 
of the cutter 50. As the cutter 50 is moved axially by 
operation of the cutter advance knob 1 1 3, the cutter gear 
59 moves along the elongated gear 106 of the driver 
100, while maintaining operational engagement. The 
electric motor (not shown) of the driver rotates the cutter 
50 at a preferred rate of about 1350 revolutions per 
minute, although the rate may vary considerably. 
[0031] A proximal cutter seal 114 is attached to the 
proximal end of the cutter 50. The tissue remover 60 
slides freely through the proximal cutter seal 114. The 
radial clearance or gap between the cutter 50 and the 
tissue remover 60 defines a third radial space 126 (see 
Figure 11). The distal end of the cutter 50 is inside the 
tissue of the patient during certain portions of the oper- 
ational sequence, and fluids such as blood and injected 



lidocaine may be under considerable pressure within 
the tissue. Also, the probe 12 may be tilted at an angle 
with respect to the earth, and fluids will tend to flow 
downhill (in the proximal direction) and drip/spill onto 
5 nearby instrumentation, the surgical table, and so forth. 
The proximal cutter seal 114 substantially prevents 
these fluids from escaping from the proximal end 58 of 
the cutter 50 through the third radial clearance 1 26. Fig- 
ure 10 shows an enlarged, isometric view of the proxi- 
mo mal cutter seal 114. Figure 11 shows the proximal cutter 
seal 114 retained on the proximal end 58 of the cutter 
shank 56. A cutter seal lip 116 etastically snaps over an 
annular rib 55 of the proximal end 58 of the cutter shank 
56. A resilient opening 118 slideably receives and seals 
15 against a remover tube 63 of the tissue remover 60, thus 
substantially preventing the escape of fluids from within 
the cutter shank 56 through the third radial clearance 
126. 

[0032] The cutter tube 53 fits closely yet slides freely 

20 in a frame hole 45 which extends longitudinally through 
frame bushing 46 of the piercer 20. When the cutter 50 
is retracted to a first position as described earlier, the 
cutter blade 51 of the cutter 50 is approximately adjacent 
to frame surface 82 of the piercer 20 so as to allow free 

25 access to the sampling surface 47 for retrieval of the 
tissue sample. In Figure 1 , the cutter blade 51 is shown 
extending about ten millimeters distal to where it would 
be for the first, retracted position of the cutter 50. 
[0033] In Figure 3, the tissue remover 60 comprises 

30 a remover tube 63 which has a proximal end 64, a distal 
end 62, and a longitudinal axis (not shown) extending 
therebetween. On the proximal end 64 of the remover 
tube 63 is attached a valve 70 having a distal end 72 , 
a proximal end 74 which is perpendicular to the distal 

35 end 72, and a passageway therethrough. The remover 
tube is hollow and preferably is made from a stainless 
steel. A distal tip 61 (also referred to simply as a struc- 
ture) on the distal end 62 of the remover tube 63 is con- 
figured so as to allow the passage of air and fluids and 

40 to block the passage of tissue particles larger than what 
may pass through the tissue remover 60 and the valve 
70. The distal tip 61 prevents the loss of tissue into the 
reservoir which may otherwise be collected for patho- 
logical analysis. The length of the remover tube 63 is 

45 such that when the cutter 50 is retracted to the first po- 
sition, the distal tip 61 of the remover tube 63 is approx- 
imately adjacent to the cutter blade 51 of the cutter 50. 
This arrangement allows the tissue sample retrieved in 
the distal end 52 of the cutter 50 to be forced out of the 

so same by the distal tip 61 of the tissue remover 60 when 
the cutter 50 is retracted to the first position. The tissue 
sample may then drop onto the tissue sample surface 
47 of the piercer 10. 

[0034] The valve 70 of the tissue remover 60 is shown 
55 in Figure 12 (exploded isometric view), Figure 13 (side 
view of the housing 81 only) and Figure 14 (sectional 
view). The valve 70 provides for the flow of air and fluids 
from the tissue remover 60 to the third reservoir 95 via 
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the third tube 95 and a connector 97 (see Figure 1). In 
the preferred embodiment, the third reservoir 95 is a 
vacuum source which facilitates the removal of the fluids 
from within the probe 10, and which facilitates the trans- 
port of the tissue sample from the port 26 to the tissue 
sampling surface 47 (see Figure 1). Because the tissue 
remover 60 is inserted into the cutter 50 which is insert- 
ed in the upper lumen 21 of the piercer 20, the vacuum 
source is connected to the upper lumen 21 as well and 
assists in drawing tissue into the port 26 prior to cutting 
of the tissue by the cutter blade 51. In addition to the 
removal of fluids from the probe 20, the vacuum pro- 
vides a means of releaseably attaching the tissue sam- 
ple to the end of the tissue remover 60 so that once sev- 
ered, the sample may be held in the distal end 52 of the 
cutter tube 53 and transported from the port 26 of the 
piercer 20 to outside the patient's body to the tissue 
sampling surface 47 of the probe 10. 
[0035] The valve 70 also provides a closeable port for 
injecting fluids into the tissue of the surgical patient. For 
example, as the piercing tip 28 of the probe 10 is pierced 
into tissue in order to access the tissue area of interest, 
it is common for surgeons to inject a lidocaine hydro- 
chloride local anesthetic into the tissue through the port 
26 on the upper lumen 21 of the piercer 20 via the prox- 
imal end of tissue remover tube 63 which is in fluid com- 
munication with the upper lumen 21 . The valve 70 allows 
the surgeon to disconnect the third tube 95 from the 
proximal end 74 of the valve, to use a syringe to inject 
the lidocaine through the proximal end 74 and into the 
tissue, and then to remove the syringe without the lido- 
caine and other fluids escaping from the probe 10. 
Therefore, in this situation, the syringe is considered an- 
other embodiment of the third reservoir 94. The novel 
combination of the valve 70 with the probe 10 prevents 
the escape of fluids from the proximal end of the probe 
when neither the third tube 95 or the syringe are con- 
nected to it. 

[0036] The valve 70 comprises a housing 81 , a filter 
77 containing small passageways therethrough (not vis- 
ible), a coiled spring 78, a piston 79, and a cylinder 80. 
The housing 81, which is preferably made of a rigid, 
medical grade plastic, has a hollow stem 73 protruding 
perpendicularly from a bowl 75, with a communicating 
passageway therebetween. The distal end 72 of the 
valve 70 is fixedly attached to the tissue remover tube 
63 as shown in Figure 3. The bowl 75 receives the cyl- 
inder 80 which contains the spring 78, the piston 79, and 
the filter 77. The cylinder 80 is sealably bonded within 
the pipe 75 of the housing 81 by any of a number of 
bonding techniques well-known to those skilled in the 
manufacture of medical valves and the like. The assem- 
bly of the valve 70 is best shown in Figure 14. The filter 
77 is attached to the inside of the cylinder 80 in a groove 
84. The filter 77 is permeable by air and fluids and pro- 
vides a support for the spring 78 which biases the piston 
79 against a valve seat 83 of the cylinder 80, thus pre- 
venting the escape of fluids out the proximal end 74 of 



the valve 70. The connector 97 (see Figure 1 ) for attach- 
ing the third tube 95 to the valve 70 is adapted to re- 
leaseably attach to the proximal end 74 of the valve 70 
in a manner well-known in the art as a Luer connection, 
5 so that when so connected, the piston 79 is held away 
from the valve seat 83, thus allowing the flow of fluids 
through the valve 70. When disconnected, the piston is 
again allowed to seal against the valve seat due to the 
biasing force of the spring 78 and the fluidic pressure 

10 within the valve 70. Syringes are commercially available 
for sealably attaching to the proximal end 74 of the valve 
70. The tip of the syringe pressing on the piston 79 and/ 
or the injection pressure of the solution coming out of 
the syringe is sufficient to overcome the spring 78 and 

15 to push the piston 79 away from the valve seat 83, so 
that the solution may flow through the valve. 
[0037] In Figures 1 5 and 1 6, it is shown how a groove 
76 on the valve 70 is used advantageously to position 
the valve 70 into cradle 104 of the driver 100 of Figure 

20 1 . Of course, the valve 70 is attached to the probe 1 2 
and to the third tube 95 on proximal end 74 of the valve 
when it is so positioned, but those items have been omit- 
ted from Figures 15 and 16 for clarity. Now referring to 
Figure 15 and Figure 1 concurrently, the valve 70 is in- 

25 rtially lowered into the cradle 104 with the proximal end 
74 of the valve oriented in the up directbn. The groove 
76 of the valve 70 is beveled to allow the valve to be 
tipped as shown, in turn allowing the distal end of the 
probe 12to be lowered into the drive rafter the valve has 

30 been properly seated in the cradle. This tipping method 
of inserting the probe 1 2 into the driver 1 00 removes the 
necessity of having to locate the probe 12 into the 
mounting fork 102, the cutter advance fork 112, and the 
cradle 1 04 simu Itaneously. Once the entire probe 1 2 has 

35 been lowered into the driver, the valve 70 is rotated to 
the downward position as shown in Figure 16. This re- 
sults in the vacuum line 95 hanging naturally from the 
probe 12 in the downward direction. Axial play of the 
valve 70 is minimal due to the configuration of the 

40 groove 76 for mounting in the cradle 104. Minimizing the 
axial play of the valve 70 and the attached tissue remov- 
er 60 is important in maintaining the positional relation- 
ship of the distal tip 61 of the remover 60 to the cutting 
blade 51 in order to knock-out properly the tissue sam- 

45 pie from the cutter 50 as earlier described. 

[0038] Figure 7 shows the hub 2 of the distal frame 
seal 1 in an enlarged, isometric view. As was described 
earlier for Figure 3, the hub 2 is inserted into frame 40 
of the piercer 20, and rotatably supports the proximal 

50 end 24 of the piercing element 25. The hub 2 of Figure 
7 comprises a first and a second O-ring seat, 4 and 5, 
respectively, a plurality of glands 3 for the sealable in- 
sertion into the frame 40 of the piercer 10. The hub 2 
further comprises a hub step 1 9 extending distally from 

55 a proximal surface 9, wherein the hub step 1 9 is a sup- 
porting means for the positioning wheel 30 (see Figure 
3). A crush rib 8 on the hub step 19 aids in retaining the 
positioning wheel 30 to the hub 2. A locating projection 
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7 on the hub step 19 properly aligns the hub 2 with the 
positioning wheel 30 radially, so that the port 26 on the 
distal end 22 of the piercer 1 0 is in the up position when 
the marker 31 of the positioning wheel 30 is also in the 
up position. 

[0039] In Figure 9, the distal frame seal 1 is shown 
assembled into the distal end 48 of the frame 40. The 
distal frame seal 1 comprises the hub 2 and a first Co- 
ring 120 and a second O-ring 121. A first radial space 
122, which is occupied by part of the distal frame seal 
1 , is defined by the radial clearance between the pierc- 
ing element 20 (partially shown) and the proximal end 
48 of the frame 40. A lower lumen vacuum boss 41 is in 
alignment between the two O-rings 120 and 121 so as 
to allow vacuum to be delivered through passages 35 
and into opening 6 of the distal frame seal 1 . The first 
tube 91 (see Figure 1) from the first reservoir 90 is a 
flexible, medical grade tube which may fit tightly over 
the vacuum boss 41 . The proximal end 24 of the lower 
lumen 23 of the piercing element 25 is inserted into the 
opening 6 of the distal frame seal 1 so that the vacuum 
may be delivered through the lower lumen 23 and to the 
port 26 on the distal end 22 of the piercer 20. 
[0040] Although not shown in Figure 9, it can be ap- 
preciated by those skilled in the art that the connection 
of the first tube 91 to the vacuum boss 41 may be facil- 
itated by any one of a number of embodiments of con- 
nectors. Such connectors may be made, for example, 
of a semi-rigid, medical grade elastomer such as poly- 
urethane exhibiting improved f rictional characteristics at 
the attachment interfaces to the vacuum boss 41 and 
the tube 91, as compared to when the tube is attached 
directly to the boss. The use of such a connector would 
provide an advantage to the surgeon of helping to pre- 
vent the accidental disconnection of the tube 91 from 
the vacuum boss 41 during the use of the present in- 
vention. Such a connector could be configured in a "L" 
shape or elbow so that the angle of attachment of the 
tube 91 with respect to the probe axis could vary by 
swiveling the connector upon the vacuum boss 41. This 
would be useful to the surgeon when positioning the 
probe in various orientations during the surgical proce- 
dure. 

[0041] Figure 8 shows the proximal frame seal 11 in 
an enlarged, isometric view. The proximal frame seal 11 
is also shown in Figure 9 as it is assembled into the prox- 
imal end 49 of the frame 40. The proximal frame seal 1 1 
comprises an opening 13, a gland 14, a round portion 
1 5 projecting distally from a proximal surface 1 8 of a rec- 
tangular portion 1 6. A retentbn tab 1 7 projects from the 
top of the rectangular portion 16 for the elastic insertion 
into a hole 36 of the frame 40. The proximal frame seal 
occupies a second radial space 124 defined by the 
clearance between the cutter tube 53 and the proximal 
end 49 of the frame 40. The proximal frame seal 11 sub- 
stantially prevents the flow of fluids through the second 
radial space. 

[0042] Both of the frame seals, 1 and 11 , the O-rings, 



120 and 121, and the proximal cutter seal 11 4 (see Fig- 
ure 3) may be made any of a number of medical grade 
polymers and elastomers which can withstand gamma 
radiation and ethylene oxide (ETO) sterilization tech- 

£ niques for disposable medical products. Examples of 
such materials available are polyethylene, polypropyl- 
ene, silicone, and polyurethane. 
[0043] While preferred embodiments of the present 
invention have been shown and described herein, it will 

10 be obvious to those skilled in the art that such embodi- 
ments are provided by way of example only. Numerous 
variations, changes, and substitutions will now occur to 
those skilled in the art without departing from the inven- 
tion. Accordingly, it is intended that the invention be lim- 

1S ited only by the spirit and scope of the appended claims. 



Claims 

20 1 . A biopsy probe for the collection of at least one soft 
tissue sample from a surgical patient, said biopsy 
probe comprising: 

a) a frame having a distal end and a proximal 
25 end; 

b) an elongated piercing element attached to 
the distal end of said frame, said piercing ele- 
ment having a piercer lumen, a sharpened dis- 
tal end for piercing tissue, and a port located 

30 proximal to said sharpened distal end for re- 

ceiving a portion of a tissue mass positioned 
adjacent to said port, said piercing element and 
the distal end of said frame defining a first radial 
space therebetween; 

35 c) an elongated cutter having a proximal end, 

a distal end, and a cutter lumen therethrough, 
said cutter being disposed coaxially and slide- 
ably relative to said piercing element, said cut- 
ter having a cutting blade on said distal end for 

40 cutting the portion of tissue protruding into said 

port of said piercing element when said cutter 
slides distally past said port, thereby depositing 
the portion of cut tissue within said cutter lumen 
of said cutter proximal to said cutting blade, the 

45 cutter and the proximal end of said frame de- 

fining a second radial space therebetween; and 
d) a distal frame seal mounted within the first 
radial space at the distal end of said frame, said 
distal frame seal adapted to substantially ob- 

50 struct the passage of fluids through the first ra- 

dial space between said piercing element and 
said distal end of said frame. 

2. The biopsy probe of Claim 1 further comprising a 
55 proximal frame seal mounted within the second ra- 
dial space at the proximal end of said frame, said 
proximal frame seal adapted to substantially ob- 
struct the passage of fluids through the second ra- 
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dial space between said cutter and said proximal 
end of said frame. 

3. The biopsy probe of Claim 2 further comprising a 
tubular tissue remover having a proximal end and 5 
a distal end, said remover disposed in said cutter 
lumen of said cutter and having a structure on the 
distal end thereof and disposed proximally of said 
port, said structure adapted to obstruct said cutter 
lumen so that the portion of cut tissue severed by to 
said cutter is prevented from moving proximally 
through said cutter lumen, the tissue remover and 
the proximal end of said cutter defining a third radial 
space therebetween; and a proximal cutter seal 
mounted within the third radial space at the proximal is 
end of said cutter, said cutter seal adapted to sub- 
stantially obstruct the passage of fluid through said 
third radial space between the proximal end of said 
cutter and said tissue remover. 

20 

4. The biopsy probe of Claim 3, further comprising a 
valve having proximal and distal ends, the distal end 
of said valve is attached to the proximal end of said 
tissue remover and the proximal end of said valve 

is releaseably attachable to a reservoir for fluid 25 
communication from said tissue remover to said 
reservoir through said valve, wherein the passage 
of air and fluids through said valve occurs only when 
the proximal end of said valve is attached to said 
reservoir. 30 

5. The biopsy probe of Claim 1 further comprising a 
tissue sampling surface disposed between the 
proximal and distal ends of said frame for the re- 
trieval of the portion of the tissue mass positioned 35 

. adjacent to said port on the piercing element. 

6. The biopsy probe of Claim 5 further comprising a 
tube attached to said frame and in fluid communi- 
cation with said tissue sampling surface of said *o 
frame, said tube providing for the removal of fluids 
from said tissue sampling surface. 

7. The biopsy probe of Claim 1 further comprising a 
positioning wheel rotatably mounted on the proxi- 45 
mal end of said frame for the rotation of said piercing 
element about its longitudinal axis. 

8. A biopsy probe for the collection of at least one soft 
tissue sample from a surgical patient, said biopsy so 
device comprising: 

a) a frame having a distal end and a proximal 
end; 

b) an elongated piercing element attached to 55 
the distal end of said frame, said piercing ele- 
ment having a piercer lumen, a sharpened dis- 
tal end for piercing tissue, and a port located 



proximal to said sharpened distal end for re- 
ceiving a portion of a tissue mass positioned 
adjacent to said port, said piercing element and 
the distal end of said frame defining a first radial 
space therebetween; 

c) an elongated cutter having a proximal end, 
a distal end, and a cutter lumen therethrough, 
said cutter being disposed coaxially and slide- 
ably relative to said piercing element, said cut- 
ter having a cutting blade on said distal end for 
cutting the portion of tissue protruding into said 
port of said piercing element when said cutter 
slides distally past said port, thereby depositing 
the portion of cut tissue within said cutter lumen 
of said cutter proximal to said cutting blade, 
said cutter and the proximal end of said frame 
defining a second radial space therebetween; 

d) a tubular tissue remover haying a proximal 
end and a distal end, said remover disposed in 
said cutter lumen of said cutter and having a 
structure on the distal end thereof and disposed 
proximally of said port, said structure for ob- 
structing said cutter lumen so that the portion 
of cut tissue severed by said cutter is prevented 
from moving proximally through said cutter lu- 
men, the tissue remover and the proximal end 
of said cutter defining a third radial space ther- 
ebetween; 

e) a proximal cutter seal mounted within the 
third radial space at the proximal end of said 
cutter, said cutter seal adapted to substantially 
obstruct the passage of fluid through said third 
radial space between the proximal end of said 
cutter and said tissue remover; and 

f) a valve having a proximal and a distal end, 
wherein the distal end of said valve is attached 
to the proximal end of said tissue remover and 
the proximal end of said valve is releaseably 
attachable to a reservoir for fluid communica- 
tion from said tissue remover to said reservoir 
through said valve, wherein the passage of air 
and fluids through said valve occurs only when 
the proximal end of said valve is attached to 
said reservoir. 

9. The biopsy probe of Claim 8, further comprising a 
distal frame seal mounted within the first radial 
space at the distal end of said frame, said distal 
frame seal adapted to substantially obstruct the 
passage of fluids through the first radial space be- 
tween said piercing element and the distal end of 
said frame. 

10. The biopsy probe of Claim 9 : further comprising a 
proximal frame seal mounted within the second ra- 
dial space at the proximal end of said frame, said 
proximal frame seal adapted to substantially ob- 
struct the passage of fluids through the second ra- 
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dial space between said cutter and the proximal end 
of said frame. 
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